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T H E  BALLOON PROJECT AND WHAT WE HOPE T O  ACCOMPLISH.’ 

&9./.32./ : 55LC By C .  LEROY MEISINGER. 
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In times past, the manned free-balloon lius been esten- 
sively used for the collec.tivn of meteorological informa- 
tion. One needs but to look at  the onderous Wisscn- 

ciatc the elaborateness wit,h which seine of these sspcri- 
ments were carried out. But such effnrt-s were direct.cc1 
largely toward the measureinent in the vertical of met.eor- 
ological elements such as tcmperrrtme and hnmidi ty, and 
these can now be made regularly and frequently by 
means of kites and sounding balloons under niucli more 
satisfactory condit.inns of iiistrunient esposure, and cer- 
tainly at much smaller espense. Free ballooning in t.lw 
interest of science, therefore, has not been est.ensire1y 

ears; and the contribution of the 

since the early clays of aerology has been scant inclced, 
in spite of the perennial clrtinis of those who ~-oulcl t,hus 
justify the escellent sport of balloon racing-a sport 
whic.h really needs no such justification. 

There are, however, certain met eorological problenis 
which can best be investipted by means of the manned 
free balloon, and it was with such problems in mind t.li:rt 
the Chief of t.he Weather Bureau approached the Chief 
of the Army -4ir Service with a proposal for a coopera- 
tive project to be carried out from an Air Service post. 
The response of the Air Service was inimediate and 
favorable, and, a t  the time of writing, arrangcnient.s 
have been practically completed. 

Bistory.-A word concerning the history of t.lie csprri- 
ment niay bo in order. While statioiicd at Fort ~lnnha,  
Nebr.,. as Signal Corps meteoroli/gist during n few ninnlhs 
followmg the arniist’ice, the writer had t,he opport1unity 
to engage in free-balloon fliglit,s which were then heing 
made cliiefly for training purposes. Upon cnnsulting t’he 
Central Office of the Weathrr Bureiw its to nietenrnli Igicnl 
observations that might be nincle during such fligltbs, 
informat,ion was reccived that flights at  constmt eleva- 
vations of as great duration ns possible might be t.hc 
best contribution. Through t.he kind coo erlition of the 

officials in Washingt,on, plans were consuniniatcd for the 
fli h t  of two balloons, each carrying two officers, onc 
b3loon to nittintah an elevnt,ion of 10,000 feet and the 
other 5,000 feet for as long a time as possible. The full 
moon, ridin in the clear sk of the night of April 16, 

bri ht afternoon sun of April 17 saw the lower one land 

Circunistances were not auspicious fnr the carrying 
out of further lono fliglits r 9  this character at  that time, 
but, with his cliscErtrge fr1.c.k the and his assum - 

writer has cherished with undiminished entqhusiasm the 
desire to make a series of swh flights, carefully planned 
to take advantage of selected weather types and to 
utilize to the fullest estent synclironom observations nt 
the surface and in the free air. The time seems now to 
bepropitious for this effort. 

bcott Field, Belleville, Ill., has been designated as tho 
post from which t-he flights will be made, and a qualified 
pilot has been assigned by the commanding officer to 
the duty of collaborating with the Weather Bureau’s 

schufffliche Lufffnhrfen of Assmann an B Eerson to apprc- 

racticed in recent 
Free balloon to the a dy vancenient of met,eorologicnl science 

commanding officer at Fort Omaha md tl T l  e Air Service 

1919, saw t, % e getaway of t. l ese t,wo balloons, and the 

at  6 abot, Ark., and the higher land at  nrcida, Miss.2 

tion of duties in t,he Weather Bureau a t  Wnshingt.crn, t i! e 

1 Presented belore the Weather Bureau Staff at its meftting of Feb. 20 IW2J. * W i g e r  C Le Roy* The co~istantelevatfon free-balloon flights from Fort Omaha. 
MO. W E A T d B  REV., A&&, 1919.47: 535-38. 

representdive in cnrryin on the work. The flights, of 
which it is hoped to ma-e B approximately 15, mll start - -  
about April 1.- 

Frc c-air Irajcctorir.r.-~~etc.orolo~ists nre familiar wit,h 
the intcwsting t.raject.ories of su;.face air deduced by 
Sliaw and Lcm fert in t.hcir stuclies of wind niovemeiit 
in relation t.o [nrometric sit,unt.ions in and rthout the 
Dritish Isles.3 These trajectories clearly showed that 
rnir cnnception of the circiilnt.ion ahout centers of low 
and high prewire, based solely upcn the instant,aneous 
st,renni lines niid synchronous wind n.rrows of the daily 
weather map, niny he quite erroneous if the pressure 
sj7stems are not. stmtinn:?ry. Much depends, therefore, 
upon the rate of translat,ionnl niot.ion of t.he isobaric 
systems relat.ive to the rate of mot.ion of the individual 
ILir particle which forms a part of t.hat system. I t  was 
shnwn by Shaw and Lempfert, that some t.rnject,ories of 
surfnce air fire loo s! some are sweeping curves, and 
simie ncttrl~7 straig f it lines, while ninny converge and 
encl :i.bruptly, :ipp;irently indicat.ing ascent of air. These 
in t crcst ing decluc tiirns were nincle from hourlg pressure 
maps and ohserved wind directions in coml>iiint.ion with 
the judicious use of griidielib wiiicl relat.ions when obser- 
vat ions were not available. 

Noth- 
ing liiw been clone wit,li nir tmjcctories at  higher levels, 
pro1:islsly because there were nvailnhle neither sufficiently 
iiiinicrous observations nor s qioptic free-air pressure 
ni:ips. This series of free-hi1 f 0011 flights d l  he given 
over primarily t.0 t.lie (let crniinat.ion of trs  ectories of 

t aiiiing a coust.ant. elevat.ion will clescrilw a piitli over 
tlic cnrt.li’s surface which will constitut.e the best pos- 
sible :y> ,rosinintiin to the triijectory of cin air particle 

cul tics will be encountered in maintaining a constant 
elevaticn uncler :d1 conditions, it. is believed that results 
of a high order of ncc*urncy may be obt.aincc1. 

In connection b-it.h pre.vioua work in t.he reduction of 
Ercc-nir 1)czonict.ric pressures, a number of Weat.her 
Bmeau stat.ioiis hnvc been called upon to In  a 

cltiily pressure reduct.ions t.o free-air levels throug % out On 
like mnnncr, these stnt.ions will be asked to cnrr 

the eriod of t.liese flights. The free-air maps t.lius made 
nvai!hlc mill mtike ossible coniparisons between ob- 

us t.o know what degrse of confidence we may legiti- 
mat cly hn-re in conclusions regarding frec-air movenient,s 
based solely upon the msps. 

l<econt studies in the uiechnnisni of cyclones and 
aiit.icyelo~ies, such as t,he kincmat.icd investigations of 
Kobiynsi and XydJ6 niid the dynnmicnl studies of 
Bjcrk~ics,~ have served t.o emphasize the great and im- 
niciliate necessity for observnt,ions ns t.o the nature of 
air hjectories itt. various levels iii cycluiies and anti- 
cyc lon~.  

IIub time trajectmics refer only to surface air. 

air :It. I~r-rls n h o ~ e  the earth’s surface. A lm i loon main- 

at, tl ict.  7 cvcl. While it is clearly recognized that dXi- 

served nncl theoretica Y t.raject,ories. and, perhaps, permit 

8 Shnw and Lemplert: Thelife history ofsurfaceair currents. JI. 0. No. 174, London, 
1m. 

4 Cf. N+ingw C. h R o y :  Concerning the accuracy of h - a i r  pressure maps. Yo. 
ITRATHER REv.,’dpril. 10’23, 51: 190-199. 

Iiobayasi. T.: On the mechanism 01 cyclones and anticyclones. Quar!crly Journal 
of tlrc I:oyal Jlc!mrological Socie!y, July, 1921. pp. 177-18. 

e Rvd, V. H.: Travclllng cyclonzs. PuJJlikalioner Ira del Dan& .We!eorologiskc In- 
atitul,‘ died. Nr. 6, Copenhagen. 1923. 

7 Bjerkuas V.: On the dynamics 01 the circular vortex with appUcatlm to the stmos- 
ihhere and &mos hcric vortex and wave motlons. G M J Y ~ ~ S ~ C  Publikationer, Vol. 11, 

0.4. Chris&, 1921. 
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Tra'ectoy datermin,ations.-It is ap arent that the suc- 

accuracy with which t.he momentary osition of the bal- 

an7 or al! of t,hree weys. First, without clouds below the 
bdloon, it is a relatmely easy matter tp ascertain one's 

osit.ion bv coinparison pf top0 raphy with reliable maps. 

roads, and other landmarks are quite easily clistinguish- 
able. When clouds obscure t,he land below but heavenly 
bodies are visible above, the position of the craft can be 
quite accurately determined by the usual methods of 
navigation, using an aircraft sestant with bubble hori- 
zon.8 Such sextant observations should be quite satis- 
factory when made from a balloon, since this type of 
craft is relatively free froni accelerations and clecelera- 
tioiis to which an airplane is constantly subjected and 
which have so marked tin eflect up011 the bubble horizon, 
and, consequently, upon the ac.curacy of t.hc posit.ion de- 
termination. Finally, under any conditions of uncer- 
tainty as to location, bright-colored cards, conspicuous 

on the round, iiiay be dropped. Thesc niay r?$zi:! in bolf-faced ty  e, addressed and fra.nliec1, 

He is re( uestd to 
i rop the card in the newest iiiail box. In t I! ie cttsc of 
the flight from Omaha iiientioiied earlier, a.bout onc- 
third of the cards dropped were returned. They were 
slightly weighted w-itli snin.11 pieces of l e ~ l  so as io  in- 
crease the rate of fall and, consequently, reduce the 
amount of drift. The v~iscloin of this was sliox-n in the 
good agreement between the known path of tlie balloon 
and the points where the cnrcls were found, eyeii when 
the cards were drop ecl froni 10,000 feet. 

Flights a.t other t x ,mi con.s.ta.nt c7runtioiin.--Not, dl t,he 
flights will be made at  constant elevat,ion. Soine will 
be made with a view t.0 taking a.clva.ntage of oyer m d  
under running winds. An at,t.eiiipt will bo made t.0 inap 
out in a.dvance as nearly tis possible the desired baro- 
inetric condit,ions in which the flights should be macle, 
and then, as such conditions appear, take advantaoe of 
them so fa? as we may be able. Much will depend, &ere- 
fore, upon the liaison that niust be iiia.int,ained by tcleg- 
rayliT. and radio telephony between t,he forecaster at  m as iington and the balloonists. 

Rela.t.?.oiis between. fortm.sters a.nd b a l h i i  i.vi.s.-'l'his h i -  
son, as at  present contein lnt>ed, willwork in soineiv1iii.t t.he 

the previous flight, ancl having indicated their availa- 
bility for the next flidit after a certain h i e  (tlii: being 
dependent upon a v a h i l i t y  of balloon and equipiiient 
and to some degree upon physical fatigue'), t,he forecast.er 
observes u on the weat,her map thc approach of condi- 
tions suita le for carr ing out a cerhin hase of the es- 
periment ancl wires t IS ad\-ice to the idloonists who 
prepare pronipt,ly t.0 act. upon it. Just before t.aking OR', 

telegrain is dispatched to Washingt,on indicating the 
time of take-off and certain radio broadcasting stat,ions 
which will be l i s t e id  t.o at prescribed times for t.he re- 
ce tion of weather bulletins and furt.lier met.eorological 

map which shall lave been const.ructec1 since t,he take-oft'. 

cess o I these observations is largely c P ependent upon the 

loon can be clctermined. This niay K e accomplished in 

Even on dark night.s, cities an< 7 towns, streams R.nd Tail- 

and the finder is asked to t.e 7 1 simply his name nnd the 
lace and time of finding the card. 

followin nia.nner: The \ alloonist.s, having report,ed to 
the Was a ington forecaster their return to the held froin 

%: '1 E 

9 a cp vice gleaned b the forecaster froni t.he Mest. vieatlicr 

8 Eaton 11. N.: Aerial uavigetioii (Pt. 11). U. 5. Air Sert'ice, October, 19.23, pp 
39-44 Afso  abstract entitled Air  naciuoliun. by J. P. Aut ,  Journal oJtkc l lhslrniglo~ 
dcadrmy  o Sciences Aug 19 1923, pv 334-336. 

U u t ,  A' L.: Aerhautic htrumcnis. TmpECBaologic Paper oJ/he Bsrcau uJS:onr]un!s, 
No. 257. Pp. 493-497. 

A brief descri tion of the map will make possible the con- 
struction in t i e balloon of an approximate copy for the 
study of the bal1oonist.s. If the balloon is yet in the air 
12 hours after tlie first bulletin certain other broadcasting 
stations will be listened to for additional reports. Im- 
mediately u on landiw the Washington office will be 

ilbilit This is the cycle of antici- 

CollectioiL qf dust samyles.-There are several kinds of 
observations that can be niacle during the flights. One 
is upon t.he dustiness of the atmosphere as determined by 
the Owens' Dust C ~ u n t e r . ~  The record is obtained by 
drawing L known voluiiie of satnrnterl air through B 
narrow slit by means of an air pump. The condensat4ion 
tdius produced upon dust particles causes them to adhere 
t.o a microscope cover glass firnily placed just behind tlie 
slit. The water evaporates shortly nft,er t,lie glass is re- 
iiiovecl from the instrument and a line of dust is left be- 
hind. Dust counts are made with a microscope after the 
cover glass lias been riiount.cd in the usual manner upon a 
slide. 

JIcas~i.rcmatits of sky ~ri~7i~t,1ess.-Pliot,oiiiet,ric observa- 
tions by inems of the Holophane liglitmeter lo are con- 
te:npl,zted. This instrument is of light weight, is com- 
pact, zinc1 is, therefore, well suited t.o use in aircraft. The 
sky is direct.lg observed through a, sinall elliptical dia- 
phragni ancl its brightness is niat.chcd by a standard 
clectric lamp. Ti:c laiiip, wllich illumiinates a larger 
concentric, cllipsc ant1 w!lich mity be mcjvcd foiward or 
hnckwarrl hy a tangent screw, o crates at  a specified 
T-&age by iiieans of an nttnchec Y rheostat. The scale 
rends t l ircdy in foot cnnclles and these units niay readily 
be converted in t,o millila.niberts, unit.s of brig1it.nes.s. 
Such brightness iiieasiireiiicnts are cont,eiiiplated for 
s ecific points in the unclouded, or uniformly clouded, 

S i x  of clotrd droplets.-It wis antkipatzed, also, that 
some measurements might be macle upon the angular 
diameter of curonce formed about a siiidl, but bright, 
electric light wlwn passing through clouds. This is a 
diffraction effect,, and if t.he angular diniiieter were 
mensurable, it would be related in a known iiianiier to 
t,hc diameter of the intervening cloud droplets. The 
siicccss of such incasurenients seems to clepencl upon the 
uniformity of size of t,he drop1et.s m d  the biightness of 
the light!, and it is also essential t.hat the light impinge 
u on the part.icles in a roughly parallel manner. A thin 

t.he observer and tlie light near the observer yielded 
brilliant coronrlj t,o t,he fourth oi.tler, but., in viewing the 
light t,lirough a t.liin cloud of steam the corona of the first 
order was obserred but faintly, and much too faintly for 
accurate measulaiiient. It is to be inferred either that 
the light was not sufficientJy bright (although a lamp of 
smdl filainent operating at  considerable overvoltage was 
used), or the steam particles were of nonuniform size. 
In any case, the lack of coinplete success in preliminary 
esperiinents inakes it advisable to hold this effort in re- 
serve and continue esperiments actually in the clouds. 

Other ,iistrzrineiitd cqviprneiit.-As a part of tlie instru- 
nien tal equipment an Assmann aspiration psychronieter 
will be carried as well as the barograph element of a kite 
iiiet.corograph. The object will be to keep an accurate 

notified of t f e fa.ct, anz'the cont,emplated time of avail- 

pat,e (9 coniniunications between forecasters and balloonists. 
for t.he nest flight. 

s R -p, at various elevations of the balloon. 

c P out1 of lycopodiuni pomdrr blown into the air between 

-- ~~ 

0 A description together with a photograph of this instrument and an account of its 
use in collecting dust samples during airplane flights will appear in a later number of the 
R FDIPW -.."..-... 

10 Transacliow of the Illuminating Engineering Society. Vol. XV, No. 8, 1920. 
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record of the temperature as indicated by a ventilated 
thermometer m d  of tlie pressure as recorded by a sensitivc 
and carefully calibrated barograph. These two elements, 
in combination with tlie surface temperature and pressure 
will enable one to compute the altitude of the balloon an!l 
thus check its altitude against that indionted by tile alt,i- 
meter. A camera mill probably be carried also, and 
photographs of clouds obtained whenever opportuni t,j? 
affords. 

C'onc7rislon.--Tliis short discussion indicates briefly 
what it is hoped to accomplish during the balloon flights. 
Rliile it is brlieved that this program can be quite closely 
ndiiwed to, it  should not be forgotten that in undertakings 
of this cliarncter unanticipated clifFwulties may arise to 
interfere morr or less with the orderly prosecution of the 
worli. The final report of the flights will indicate the 
tlcgrce of siiccesa en.joycrl in this ntteinpt at  scientific 
hsllooning. 

A M E T H O D  FOR LOCATING T H E  DECIMAL P O I N T  IN SLIDE-RULE COMPUTATION.  

5s/. S o l  By NELSON W. € 1 ~ . 4 ~ .  

[Weather Borenu, Waqhinzton, D. C ' . ,  J::n. 14, 1 W . 1  

The rule has conic t,o he, in rapid conipil,atrions of the chnrncberistics corrcs]~oiiding to the factors, or 
in the field and elsewhere, d i n t  logarithms nre in niore equal to t.liis tlifferc~ice iiiinus 1. 
rehed  computations. In  several branches of the worlr On the slide rule, t,he rntio to t,he 1en-t.h of t.he scale, 
of the Uliited States Weatflier Bureau tlie slicle rule is of tlie dist.mce 01 my iiumher on. t,lic sc.& from the left- 
used estensively, art.iculiLrly in the Aerological L)ivision hand indes, is e.clun.1 t.o t.lie ~nniitiss~i of the lognritlini of 
in the work of &ch the slic!e rule is used esclus+ly the num1)rr. It will he evLlent, from n moment's study 
for ninny purposes; in t,he coniputation \\-ark of single of t.lie rule, tlint Ivlicii the left.-liuuil int1e.s is involved in 
and double theoclolit,e ohservntions, the con1put.n ti!w of niult,iplic:ition, this correspoiids t.0 t'he ddition of lognr- 
mean wind velocities aiid ciirectioiis n t  various plt.it.uc1t.s ithiiis in wliicli tlie sum of the niniitissas is 19ss tliFI? 1 ; 
above sea level, in t,lie reduct.ioii 0 t.he aimhgicnl d? t.ii :ind t.1in.t) when t,hc left hand indes is involved in division, 
from kite flights t.0 various levels, et,c. Twenty-inch slide this corrcsponds t.0 t.hc su1Jtr:wtion of lognrithms in 
rules are usecl chiefly for suc.11 c.oiiipl.lt.at,ions. Tlie slide which the 1ii:mtissn of thc 1ogiirit.hiii of t.hc divisor is less 
rule is particularly well adnpt.ed t.o t.his w o r l ~  for t.he tlinn t lie nii1.n t.issn of t.lie logarithm of t,he dividend. It 
2O-inch rule yields three figures accurately and tlie fourth is iniport,mt to visu:Llize the lendis  of the scale as mnn- 
approxi1nateIy.  our figures repwsent the mnsimuiii t iss:i.s of t.~ie correspont~ing nun%ers. Purt,lier study of 
accuracy t.hat is reaclily ntt.ninxble in meteorological the rule will show th:i,t \vlien t.he right-!i:incl iii.de5 is. in- 
observations , and conser uen tly the ZO-inch rule is rnt.ire1y volved in :illy o wrii t,ion, t,liis iutlicittes, In multiplication, 
satisfactory for this wor \ c, and it  is very espedit.ious. the at-Itlition of I o g : ~  r i th i s  in wliich t,he sun1 of the man- 

In  ninny of these computations the nyrosinin.te mag- t,iss:is is grwter t11::n 1 : or ili division, tlie subtntction of 
nitude of the result is alrencl 61?0~1i.  liis still further Iognrithnis in which tlie nittntissn correspoiidm to the 

sli .f; e rule, especially when there are several fnctors dend. See (1) lielow. 
involved in the computation, difIiculty or delay is often The siwiificance of t.liese stntenient,s is that when the 
encountered in locating t.he position of tho decimal point lef t-liantTindes is involved in t i n  operntion, tlie a1 ebraic 
in the result. 

The usual met,hod of locating the ositioii of tlie decinid lins not becn n.ft'er,t,ecl-iie.it,her increase8 nor decreased; 
point in a result obtained on the s P tde rule is by guessing hut wlien t.he right-hand indes is involved, the algebraic 
a t  it, or by a mental spproximat.ion. The derivation of suni of the chmwt.erist,ics corresponding to the factors 
the various rules given in slide-rule manuals for t,liis has heen nfiected, increased by 1 in multiplication or 
purpose is not immediately obvious, and so these rules decreased by 1 in division. This statenieiit, may be ex- 
must be retained by sheer memory. To m knoTi-ledge tended :is follows: 

found to be the quickest and to involve the least, mental of o )crtit.ioiis, the characteristic of tlie logarithm of the 

to use, but the derivation of it  is somewlist, tedious. of tlie 1og:irithms of t,he factors, but whenever the riglit- 
To multi ly two numbers toge thcr, their loprithms arc hand index is involved in an operation, the cliaructeristic 

added, anc P the characterist,ic of the logarit,liia of the of t.he logarithm of the result is equal to this algebraic 
roduct will e ual the suni of t.he characteristics of the sum plus or minus 1 for each operation in which this 

rogarithms of t. e factors unless tlic suni of the niant,issas indcs is involved. 
Tllis correation (1  for each operat,ion in which the is greater than 1, in which case 1 will be carried over 

from tshe niant-issa of t.he sum t.o tlie clinracterist,ic. right,-hand i d e s  is involrecl) is ti,lwilys applied in the 
Likewise, in dividing one iiuniber by another, the char- s:i.iiie wcty as the logarithm of t.he second fac.tor would 
ncteristic of t,he logarithi of the c uotient will eyud t,lir be, .zdded in mult.ip1icntion n.nd suht.ritct.cc2 in division. 

characteristic of the logarit,lim of the divisor unless t,he erf'oniimzy a series of operations, not.liino is re- 

mantissa corresponding t.0 the dividend, in which case. frtric sum of the chtiracteristics of the ogaritlims of t e 
1 will be borrowed from the characteristic corresponding fn.ct.ors. These corrections n.re added cuniultitively a t  
to the dividend. It is thus evident that the character- ench oper;ttion, and only t.he nccumulilt,ed sum is re- 
istic corresponding to a product is equnl either to t,he tained 111 the mind. We niay cdl  this accumulated sum 
sum of tlie characteristics corres onding to the fact.ors, the " nccuniulnted characterist,ic correc,tion." I t  is 

sponding to a quotient is equal either to the difierence Tlie ciariwt,eristic or t,he logiiritlini of the result is equal 

es  edites the computations, gut 111 the general use of t.hc divisor is gre:i.tcr blinn t,lint corresponding t,o 6 K ie divi- 

sum of tlie charncteris tics correspondiw to the T actors 

t.liey are never used. Tlie method outlined z elow I have When thc left-linnd index only is involved in a series 

effort of any I hare tried. The niet,hod is very simple rcsu I t is e c p l  to the algebraic suxn of t,he cliaracteristics 

B 

characteristic of the 1oga.rithni of t. h e dividend minus the SCC (2) beli.Jw: 
In 

P 5l 
mantissa corresponding to tlie divisor is greaber thnii the d e l .  Y escept the correct.ion to he ap lied t.0 tEc a1 e- 

T or to this sum plus 1; and that t K e characteristic corre- usual1 very small. We then have the following rule: 


